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Abstract in English: 
Fish consumption differs with age, over time, across generations, and across socioeconomic groups. 
Age effects reflect biological and social processes across the life cycle of an individual, period effects 
reflect variation over years that influence all age groups simultaneously, and generational effects re-
flect changes across a group of people who experienced an initial event in the same year. We use 
Norwegian Monitor Survey data to estimate logistic regression models. The estimated models are 
used to simulate how the probabilities of eating fish for dinner at least once a week changes as the 
generations' age. The probabilities are simulated for four groups: females with and without college 
education and males with and without college education. The probabilities increase with age for all 
the groups. Except for males without college education, the older cohorts have lower probabilities of 
eating fish than the younger cohorts. 
 
Abstract in Norwegian: 
Forbruket av fisk varierer med alder, over tid, mellom generasjoner og mellom sosioøkonomiske 
grupper. Alderseffekter reflekterer biologiske og sosiale prosesser over livsløpet til et individ. Pe-
riodeeffekter reflekterer variasjoner over år som påvirker alle aldersgruppene samtidig. Genera-
sjonseffekter reflekterer endringer som påvirker en gruppe, som er født i samme tidsrom, og derfor 
gjennomlevde viktige hendelser når de var på samme alder. Vi bruker data fra Norsk Monitor til å es-
timere logistiske regresjonsmodeller. De estimerte modellene er deretter brukt til å simulere end-
ringene i sannsynligheten for å spise fisk til middag minst en gang i uken etter hvert som generasjo-
nene eldes. Sannsynlighetene er simulert for fire grupper: Kvinner med og uten høyere utdanning og 
menn med og uten høyere utdanning. Sannsynlighetene for å spise fisk minst en gang i uken øker 
med alderen for alle gruppene. Eldre kohorter har også lavere sannsynligheter for å spise fisk minst 
en gang i uken enn yngre kohorter med unntak for menn uten utdanning. 
Introduction
Fish is an important source of nutrients 
such as proteins, essential fatty acids, vit-
amin D, vitamin B12, dietary selenium, and 
iodine. Sufficient fish consumption is an 
important part of a healthy diet. There is 
convincing evidence for the protective ef-
fect of fish, especially fish that are rich in 
omega-3 polyunsaturated fatty acids, 
against coronary heart disease (e.g., Kris-
Etherton et al., 2002). Fish consumption 
may also reduce the risk of stroke (e.g., 
Chowdhury et al., 2012) and certain types 
of cancer (e.g., Szymanski et al., 2010). 
However, there may be different health 
effects of fish consumption between males 
and females. Differences may exist in the 
general population (Wenneberg et al., 
2012), but specific health effects are most 
likely for females during pregnancy. Mater-
nal fish consumption during pregnancy 
seems beneficial for the cognitive devel-
opment of offspring (e.g., Oken et al., 
2005). On the other hand, some fish spe-
cies have a relatively high uptake of con-
taminants such as methyl mercury, which 
represents a potential health risk if con-
sumed in excessive quantities (e.g., 
Marette et al., 2008). However, for most 
people, the health benefits of fish con-
sumption clearly exceed the potential risks 
(e.g., Mozaffarian & Rimm, 2006). Thus, 
food and nutrition authorities typically rec-
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ommend that adults should eat two or three 
servings of fish per week (The Norwegian 
Directorate of Health, 2012).  
 Fish consumption differs with age, over 
time, and across generations or cohorts. 
We investigate the gender-specific varia-
tion in fish consumption with age, over 
time, and across generational cohorts to 
gain further insight into groups that con-
sume fish less frequently than the recom-
mendations established by The Norwegian 
Directorate of Health (2012). Fish con-
sumption was found to be particularly low 
among adolescents and young adults (e.g., 
Olsen, 2003). In general, such age effects 
in consumption reflect biological and social 
processes across the life cycle of an indi-
vidual, such as reduced food intake among 
older people. Period effects in fish con-
sumption reflect variation over years that 
influence all age groups simultaneously, 
such as increased consumption because of 
new information about the health benefits 
of eating fish. Cohort effects, in general, 
reflect changes across a group of people 
who experienced an initial event in the 
same years, for example, birth during the 
Second World War. Substantial cohort ef-
fects have been found in the consumption 
of several food and beverages such as milk 
(Gustavsen & Rickertsen, 2013), fruits (Mo-
ri et al., 2006), vegetables (Stewart & 
Blisard, 2008), and fish (Mori & Clason, 
2004). . 
 
Figure 1 Average number of fish dinners in different birth cohorts over time  
Figure 1 shows the average annual fre-
quencies of eating fish for dinner among 
different cohorts of Norwegians over the 
period 1987 to 2011 identified with the 
Norwegian Monitor Survey database (Ip-
sos-MMI, 2013). We define a cohort as 
individuals born in the same five-year peri-
od. The oldest cohort was born between 
1921 and 1925. Over the entire period, the 
oldest cohort consumed fish for dinner 
more frequently than other cohorts did, and 
the frequency increased from 138 days in 
1991 to 191 days in 2011. The cohort born 
between 1931 and 1935 had the second 
highest frequency. The consumption in this 
cohort also increased over time from 128 
days in 1987 to 173 days in 2011. In gen-
eral, the frequency of fish consumption 
increases with the age of the cohort. How-
ever, among the younger cohorts there has 
been no increasing trend in the frequency 
of consumption. The youngest cohort was 
born between 1981 and 1985, and this co-
hort had fish for dinner between 58 and 78 
days per year. 
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In Figure 2, the frequencies of fish con-
sumption are plotted against the age of the 
individuals. The upper rightmost curve rep-
resents the oldest cohort who was born 
between 1921 and 1925. The average age 
of this cohort was 64 years in 1987, 66 
years in 1989, and so on. The second old-
est cohort is represented by the curve to 
the left of and below the oldest cohort. The 
average age of this cohort was 54 year in 
1987, 56 years in 1989, and so on. The 
leftmost cohort was born between 1981 
and 1985 and was included in the data for 
the first time in 1995.Figure 2 shows that 
older people eat fish more frequently than 
younger people. Furthermore, when the 
cohorts overlap, the older generation usual-
ly has a higher frequency of consumption 
than the younger generation. This pattern 
suggests cohort effects in fish consump-
tion. However, there are also other poten-
tially important explanatory variables. Fish 
are a healthy food and there is a large liter-
ature concerning the social gradient in 
health (e.g., Smith, 2007). Well-educated 
people live longer, exercise more, and live 
healthier lives than people with less educa-
tion. In addition, high income, which is 
strongly correlated with high education, 
gives individuals opportunities to buy high-
quality food more frequently. Furthermore, 
marriage is often linked to a healthy life-
style, including healthy eating. 
 
Figure 2 Average number of fish dinners in different birth cohorts and average age of cohort 
We have three objectives for this article. 
First, we investigate the effects of age and 
cohort on the probability of eating fish for 
dinner at least once per week among 
males and females. Second, we investigate 
the effects of social inequality in fish con-
sumption by investigating the effects of 
income and education on the probability of 
eating fish for dinner at least once per 
week among males and females. Third, we 
investigate future fish consumption by sim-
ulating the changes in probabilities of eat-
ing fish for dinner at least once a week for 
different cohorts as they age. To pursue 
these objectives, we use Norwegian Moni-
tor Survey data (Ipsos-MMI, 2013), esti-
mate logistic regression models, and use 
the estimated models in the simulations.  
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Model, estimation, and data 
To model the probability of eating fish for 
dinner at least once a week, we use the 
binary logit model (Cameron & Trivedi, 
2005). This model is specified with the 
probability function: 
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where y is a binary variable indicating if an 
individual has fish for dinner at least once a 
week (y = 1) or not (y = 0), Λ is the logistic 
distribution function, x is a vector of ex-
planatory variables, and β is the vector of 
coefficients to be estimated. This estima-
tion can be done with maximum likelihood 
and the likelihood function is: 
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where n is the number of observations.  
 
We follow Lynch (2003) and include age as 
a second-order polynomial, cohort as a 
first-order polynomial, education as an indi-
cator variable of college education, and 
interaction terms of age, education, and 
cohort in the logit model: 
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where ( )Λ ⋅ is the logistic distribution func-
tion, ε  is a stochastic error term, and the 
subscripts denoting individuals are deleted 
for notational simplicity. The outcome vari-
able y = 1 if the individual ate fish for dinner 
at least once a week, A is the age of the 
individual (from 30 to 80 years), C is the 
cohort (year of birth from 1921 to 1985), E 
= 1 if individual has college education and 
0 otherwise, I is income deflated by the 
consumer price index and the square of 
number of household members as recom-
mended by OECD (2008), M = 1 if the indi-
vidual is married, and P1 to P4 are four 
period dummy variables taking the value of 
1 for the periods defined in Table 1.  
 The Norwegian Monitor Survey is a na-
tionally representative and repeated cross-
sectional survey of adults aged 15 to 95 
years. The survey has been conducted 
biannually since 1985 and is one of Nor-
way’s most comprehensive consumer and 
opinion surveys. The survey covers a 
broad range of topics, including demo-
graphic and socioeconomic information, 
political preferences, stands on moral and 
ethical issues, self-perceived happiness, 
health, and eating habits including the fre-
quency of fish consumption (Ipsos-MMI, 
2013). 
 The model is estimated with the general-
ized linear model function (glm) in the sta-
tistical program package R (R Develop-
ment Core Team, 2011). 
Results 
The model is estimated separately for 
males and females, and the results are 
shown in Table 1.  
 For males, the age and the cohort varia-
bles have insignificant effects by them-
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selves. However, in interaction with educa-
tion they have positive and significant ef-
fects. As a college-educated male ages, 
the more probable is it that he will eat fish 
for dinner at least once a week. Further-
more, for college-educated males, the 
probability of eating fish for dinner at least 
once a week increases for younger co-
horts. The higher the income, the more 
probable it is that a male will have fish for 
dinner on a weekly basis. Marriage also 
increases the probability of eating fish 
among males. All the period dummies are 
negative relative to the year 2011, but only 
the dummy for the period 2005 to 2009 is 
significantly negative. 
 The pattern of results for females is 
similar, with two exceptions. First, in addi-
tion to the positive interaction effect with 
education, the age variable has a signifi-
cant and positive effect by itself, and the 
total effect of age is higher than for males. 
However, this age effect is somewhat 
modified by the negative and significant 
effect of the interaction variable “Age۰Co-
hort۰Education,” which suggests that the 
positive effect of education and age is low-
er in younger cohorts. Finally, we note that 
the effect of being married, somewhat sur-
prisingly, is higher for females than for 
males.  
 The empirical results are used to simu-
late the probabilities of having fish for din-
ner for five different cohorts. This is done 
by letting age sequentially increase from 30 
to 80 years for the different cohorts, and for 
each cohort using the average deflated 
income in the sample. We simulate the 
outcomes for married males and females 
with and without college education. The 
five cohorts included in our simulation were 
born in 1950, 1960, 1970, 1980, and 1990. 
The simulations of the consumption proba-
bilities were performed for individuals aged 
from 30 to 80 years. These age groups are 
likely to have completed their education 
and still have several more years to live. 
 
Table 1 Parameter estimates from the logit models: Probability of eating fish at least once a week 
Symbol Variable Males S.E. Females S.E. 
 Intercept –0.05 0.13 –0.05 0.13 
A Age (years) 0.27 0.14 0.55* 0.14 
A2 Age2 –0.03 0.05 0.02 0.04 
C Cohort (birth year) –0.20 0.15 0.06 0.14 
AC Age·Cohort –0.04 0.05 0.07 0.05 
E Education (=1 if college) 0.26* 0.05 0.24* 0.05 
AE Age·Education 0.35* 0.07 0.24* 0.07 
A2E Age2·Education –0.01 0.07 –0.08 0.08 
CE Cohort·Education 0.33* 0.07 0.26* 0.08 
ACE Age·Cohort·Education 0.03 0.08 –0.09* 0.08 
I Income (in NOK) –0.01 0.02 –0.01* 0.02 
I2 Income2 0.02* 0.01 0.02* 0.01 
M Married (=1 if married) 0.21* 0.04 0.40* 0.04 
P1 Period = 1987–1991 –0.02 0.25 0.17 0.24 
P2 Period = 1993–1997 –0.09 0.18 0.05 0.18 
P3 Period = 1999–2003 –0.24 0.13 –0.20 0.12 
P4 Period = 2005–2009 –0.27* 0.08 –0.28* 0.07 
n Number of observations 15,004  16,421  
Note: Results from logit estimation. The period dummies are relative to the year 2011. Continuous 
variables are standardized. An asterisk indicates statistical significance at the 0.05 level.  
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The results from the simulations are shown 
in Figure 3. The figure reveals several in-
teresting effects of age, cohort, and educa-
tion for males and females. In all four gen-
der-education groups, the probability of 
having fish for dinner at least once a week 
increases with age. However, the magni-
tudes of the age and cohort effects are 
different across the four groups. In all four 
groups, the probability of eating fish for 
dinner at least once per week is around 0.4 
when the individuals are around 30 years 
of age. For all groups, except men without 
college education, the probability increases 
gradually to above 0.8 at 80 years of age. 
For men without college education, the 
probability at the age of 80 years varies 
between 0.45 and 0.65 in the different co-
horts. Also, for all the groups, except men 
without college education, the oldest cohort 
has a lower probability of eating fish than 
the younger cohorts throughout the adult 
life course. For men without education, the 
cohort effects are opposite, and the oldest 
cohort has the highest probability of eating 
fish for dinner at all ages. 
 
Figure 3 Simulated probabilities of eating fish at least once a week for different groups 
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Discussion and conclusions 
Given time series of repeated cross-
sections of different households, it is im-
possible to estimate the dynamics of fish 
consumption in individual households. 
However, the selected cohort approach 
uses both the cross-sectional and time-
series structure of the data to better predict 
future fish consumption in Norway. The 
difference between generations is empha-
sized, and the consumption over the life 
cycle of different cohorts is simulated. 
 In Figure 2, the observed age and co-
hort effects without any control variables 
were presented, while the simulated age 
and cohort effects shown in Figure 3 con-
trol for gender, education, income, periods, 
and marital status. Both figures suggest a 
positive age effect on the probability of eat-
ing fish for dinner. Fish is a healthy food, 
and it is expected that people are more 
likely to have increasing frequencies of fish 
consumption when they age as discussed 
by Olsen (2003) and Pieniak et al. (2010). 
 However, in some respects, the effects 
of belonging to different cohorts are differ-
ent in the two figures. Figure 2 suggests a 
positive effect on the frequency of con-
sumption of belonging to the older cohorts. 
This figure also suggests that when older 
and younger cohorts are shown at the 
same age, the older cohorts usually have a 
higher frequency of fish consumption than 
the younger cohorts. However, the estima-
tion results in Table 1 and the simulation 
results in Figure 3 indicate that the cohort 
effects may be confounded with the effects 
of education. As suggested by the literature 
concerning returns to education, education 
is important for good health (e.g., Wolfe & 
Haveman, 2002; Grossman, 2006). 
 Figure 3 shows that, except for men 
without college education, younger cohorts 
have a higher probability of eating fish for 
dinner than older cohorts when the cohorts 
are measured at the same age. One possi-
ble explanation for this somewhat surpris-
ing result may be that the emphasis on 
nutrition and health, including information 
about the importance of fish consumption, 
was higher when the younger cohorts grew 
up than when older cohorts grew up. An-
other possible explanation may be product 
development. In recent years, many new 
fish products have emerged at the market. 
These products may appeal more to 
younger than older cohorts. 
 Finally, we find that being married in-
creases the probability of having fish for 
dinner. This result is in line with Umberson 
(1987) who found that mortality rates are 
higher among unmarried than married indi-
viduals. One of the reasons for increased 
mortality rates may be the lack of social 
control that exists inside the family and is 
likely to contribute to regulate healthy be-
havior. Spouses and children may tell or 
remind one another to engage in healthy 
behavior or to avoid taking risks. In addi-
tion, the spouse who makes dinner may 
control the type and quantity of food avail-
able. This result is also confirmed by Yan-
nakoulia et al. (2008) who found that mar-
ried Greeks generally have healthier eating 
patterns than unmarried Greeks. 
 Figure 3 shows that for three of the four 
groups, the frequency of fish consumption 
is higher in younger than older cohorts. 
Given that new generations continue to 
behave according to our simulation model, 
this result suggests that the total number of 
people who will eat fish for dinner at least 
once per week will increase as younger 
cohorts slowly replace older cohorts. Such 
a development is in accordance with the 
nutritional goal of the Norwegian food and 
nutrition authorities. 
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